Teucrium royleanum Wall ex. Benth. and T. quadrifarium Buch.-Ham., growing wild in the Central Himalayan region of Uttarakhand (India), yielded, on steam distillation, 0.07% and 0.09%, respectively of essential oil. The oil samples were analyzed by GC and GC-MS. By GC, both oil samples showed remarkable similarity with respect to the major peaks. Fiftyseven constituents were identified in both the oils representing 96.0% and 96.6% of the total, respectively. The oils were rich in sesquiterpene hydrocarbons (~76.0%). β-Caryophyllene (23.6% and 38.3%), germacrene D (28.9% and 9.4%), α-humulene (5.7% and 5.9%), linalool (4.8% and 1.5%), and 1-octen-3-ol (8.5% and 0.7%) were common to both oils and were the principal constituents. The genus can be classified into two groups on the basis of the present and previous reports on the essential oil composition and chemical markers.
Teucrium royleanum Wall ex. Benth. and T. quadrifarium Buch.-Ham. (Lamiaceae) grow wild in the temperate area of the central Himalayan region (India) from 1,200 m to 2,200 m altitude [1] . The species have been reported to be used for their diuretic, antipyretic, antispasmotic, cholagogic, stimulant and antiinflammatory activities [2, 3] . The essential oils from T. plectranthoides, T. marum and T. leucocladum have been reported to possess antimicrobial and antioxidant activity [4] [5] [6] .
Twenty-five species of Teucrium have so far been investigated for their essential oil composition. Out of these, the majority are reported to possess either βcaryophyllene or germacrene D or both as the principal components of their essential oil, along with pinenes and/or octenol. These species are Teucrium scordium [7] , T. alopecurus [8] , T. flavum [9] , T. chamaedrys [10] , T. polium [11] , T. marum [5] , T. turrendanum [12] , T. salviastrum [13] , T. melissoides [14] , T. carolipaui [15] , T. fruticans [16] , T. gracile, T. betonicum [17] , T. abutiloides [18] , T. arduini, T. botrys and T. montanum [19] . The other reports on T. polium ssp. aurasicum [20] , T. persicum [21] , T. libanitis [12] , T. lusitanicum, T. algarbiensis [22] , T. stocksianum [23] [24] [25] , T. lusitanicum ssp. aureiformis [26] and T. maghrebinum [27] indicated that the essential oil was rich in pinenes in the presence of limonene and cadinenes/cadinols. The present report describes the identification of the steam volatile components of two previously uninvestigated species of Teucrium growing in the central Himalayan region of India, and also an effort has been made to classify the species of Teucrium into two groups on the basis of the major components of their essential oils.
The fresh, whole, aerial parts of T. royleanum and T. quadrifarium, on steam distillation, gave essential oil yields of 0.07% and 0.09%, w/w, respectively. The oil samples were analyzed by GC and GC-MS under identical experimental parameters. The various constituents of the oil were identified on the basis of their RI values and by comparison of their mass spectra with those reported in the literature [28] . By gas chromatography, the qualitative make up of both the samples appeared very similar, showing more than fifty-five peaks and being rich in sesquiterpenes. The main and common constituents of the essential oils from both species were β-caryophyllene (23.6% and 38.3%), germacrene D (28.9% and 9.4%), α-humulene (5.7% and 5.9%), 1-octen-3-ol (8.5% and 0.7%) and linalool (4.8% and 1.5%). Monoterpene hydrocarbons NPC Natural Product Communications 2010 Vol. 5 No. 6 939 -942 As mentioned earlier, twenty-five species of Teucrium have been studied for their essential oil composition. In the majority, the essential oils contained either β-caryophyllene or germacrene D or both as the major constituents. In the present study, both T. royleanum and T. quadrifarium showed the presence of β-caryophyllene and germacrene D as the major constituents. If these two compounds together could be taken as chemical markers, the species under investigation seemed very close to T. fruticans [16] , T. chamaedrys [10] , T. polium [11] , T. flavum [9] , T. salviastrum [13] , T. melissoides [14] and T. arduini [19] . However, looking at the reports published so far on the essential oils of Teucrium species, the genus could be classified into two broad groups, with β-caryophyllene/germacrene D being the chemical markers for the first group, and pinenes/cadinols for the second group. The species in the present investigation have β-caryophyllene and germacrene D as their chemical markers and can be placed in the first group, along with seventeen other species of Teucrium. However, T. leucocladum [6] was found to be an exception, with patcholi alcohol as the major constituent (31.2%). However, its essential oil also contains α-cadinol (21.5%) as the second major component, and hence this species can be included into the second group.
Experimental

Plant material:
The whole aerial parts of Teucrium royleanum and T. quadrifarium were collected from Garampani (1,500 m) and Okhalkanda 2,000 m), in the district of Nainital, Uttarakhand, India in May, when the plants were in their flowering stage. The botanical identity was confirmed by the Botanical Survey of India, Dehradun where the herbarium specimens were deposited (nos. BSD112204 and BSD112185).
Extraction and isolation of oils:
The essential oils were obtained by steam distillation of fresh plant material (1 kg for 3 h in each case) using a copper still fitted with spiral glass condensers. The aqueous distillates were saturated with NaCl and the oil extracted with n-hexane. The n-hexane extracts were dried over anhydrous Na 2 SO 4 . The solvent was removed from the dried extracts using a rotovap under reduced pressure at 30ºC.
Gas chromatography:
The GC analysis was performed using a Hewlett Packard 6980 gas chromatograph fitted with a HP-5MS capillary column (30 m X 0.25 mm id, film thickness 0.25 µm) and a FI detector. The oven temperature was programmed at 50ºC for an initial 10 Essential oil of Teucrium royleanum and T. quadrifarium Natural Product Communications Vol. 5 (6) 2010 941 mins, then with a rise of 3ºC/min up to 240ºC and then isothermal for the last 5 mins. The composition was determined from area percentage data without applying correction factors and rounded off to the first decimal place. For the calculation of Retention Indices, coinjections were made of a mixture of oil sample and nalkanes (C 8 -C 23 ).
Gas chromatography-mass spectrometry:
This was carried out using an AGILENT 6856 Network Selective Detector interfaced with an AGILENT 6856 Gas Chromatograph fitted with a HP-5MS capillary column (30 m X 0.25 mm id, film thickness 0.25 µm) programmed from an initial temperature of 50ºC for the first 10 mins followed by a rise of 3ºC min up to 230ºC and then isothermal at 230ºC for the last 10 mins. The MS were acquired under EI conditions at 70 eV. Helium was used as carrier gas and both the samples were analyzed using identical experimental parameters.
